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Abstract
Background: Periodontal disease is a significant public health issue worldwide. Motivational techniques in
combination with financial incentives are shown to lead to effective behavior change. The current study
sought to examine whether a brief oral health promotion program (self-management cues that were based
on self-efficacy and self-regulatory skills) in combination with an incentive (free dental treatment) would make a
difference in the adoption of regular dental flossing in a population of Indian periodontal disease outpatients.
Methods: One hundred and twelve participants (n = 55 oral health promotion intervention group; n = 57 control
group) were assigned to the intervention (self-management cues + incentive) or control groups, and follow-up
assessments were performed three weeks later. Flossing frequency, behavioral intentions, and perceived self-efficacy
served as dependent variables. Data were analyzed with mixed models, ANCOVAs, and path analyses.
Results: The intervention yielded effects on flossing frequency (p < 0.01) and flossing intentions (p < 0.01) at follow-up.
Women developed stronger intentions than men. Moreover, by path analysis a sequential mediation chain was found
that demonstrated an indirect effect of the intervention on flossing via self-efficacy and intentions: the intervention
predicted changes in self-efficacy which, in turn, were associated with changes in intentions, predicting flossing
frequency at follow up, while controlling for baseline behavior, gender, and age.
Conclusions: Combining incentives with minimal self-management cues has been found effective in improving
interdental cleaning intentions and habits in periodontal disease patients, and the facilitating role of dental self-efficacy
has been demonstrated.
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Background
The World Health Organization's (WHO) World Oral
Health Report 2003 states that dental caries affects
60–90 % of schoolchildren and the vast majority of
adults [1]. Similarly, the WHO databank on periodontal
disease reports 10 to 15 % of adult populations suffering
from the most severe forms of the disease, whereas
gingival bleeding and calculus are the most prevalent [2].
Dental caries and periodontal disease are major causes of
tooth loss, which then impacts on people’s quality of life
in terms of functionality, self-esteem, and social relation-
ships [2]. Both are attributed to poor oral hygiene, with
non-compliance to protective measures and patient be-
havior leading to unnecessary diagnostic and treatment
procedures thus resulting in substantial social, health, and
economic costs [3].
Interdental cleaning is an effective preventive measure
which will impact on both dental caries and periodontal
disease. Interdental cleaning is the practice of removing
trapped food between the teeth and the biofilm of bacteria
(dental plaque) that forms around the teeth and gums.
Traditionally, dental floss has been used to achieve this
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and a systematic review concluded that flossing, in
addition to toothbrushing, reduces gingivitis compared to
toothbrushing alone [4]. Another systematic review on the
effect of interdental brushing on oral diseases in adults
reported the beneficial effects of interdental brushing
reducing gingivitis, but insufficient evidence is available to
determine whether interdental brushing had any benefit
towards dental plaque when compared to flossing [5].
Furthermore, regular dental flossing is an effective adjunct
to toothbrushing as its benefits outweigh any potential
harm in avoiding plaque formation [4].
Regular interdental cleaning, such as daily dental floss
use, is an uncommon behavior [6], practiced by few indi-
viduals worldwide including in India [7], resulting in a
large proportion of people who floss their teeth less than
the recommended time or not at all. Given that both
dental caries and periodontal disease are largely pre-
ventable, it is likely that decisions informing individuals’
behavior to prevent these oral diseases have psychological
origins. Prior research has shown that lack of self-efficacy
and self-regulatory skills are associated with a disinclin-
ation to change dental flossing behavior [8, 9]. Raising
people’s self-efficacy and providing them with sufficient
skills (such as setting goals) is likely to increase their
motivation translating into action. Thus, adopting such a
strategy may be effective in improving people’s flossing
habits. In addition, a number of countries (see e.g., [10])
have adopted healthcare policies providing individuals
with financial assistance for their dental care needs with
the aim to promote good oral hygiene habits. Previous
research has found financial incentives to facilitate behav-
ior change [11, 12]. Furthermore, meta-analytic research
has found motivation and extrinsic incentives to jointly
predict behavior, suggesting that the two are not necessar-
ily antagonistic (in that incentives erode motivation) but
should rather be considered simultaneously [13].
Motivation and self-regulation toward interdental
cleaning
A close examination of the major motivational theories
that have been applied to the understanding of health
behavior assume that a motivation to act or intention
formation (i.e., the amount of effort one invests in order
to pursue an action) is the most proximal predictor of
behavior. In the initial stage of health behavior change,
people need to develop a motivation [14]. Psychological
constructs such as self-efficacy and self-regulation often
serve as a theoretical backdrop to motivation formation
[15, 16]. Perceived self-efficacy is the confidence in one’s
ability to execute a difficult or resource-demanding behav-
ior [17]. The difficulty here is not a technical demand of
interdental cleaning but rather its regular performance as
an integrated part of people’s daily life. Self-efficacy has
been shown to predict a wide range of health behaviors
including oral self-care [18, 19]. Moreover, to adopt or
maintain regular interdental cleaning, one can be moti-
vated by self-efficacy followed by self-regulatory skills, such
as planning and action control, to translate motivation into
actual dental cleaning performance [8, 15, 20]. Studies have
reported beneficial effects of such self-regulatory skills on
dental flossing [21, 22], and a combination of self-efficacy
and planning has been found to be associated with higher
frequency in performing dental self-care [23]. In a cluster
randomized controlled trial with Iranian adolescent girls,
Gholami et al. [24] identified positive effects of a brief
self-regulatory intervention on dental flossing, in which
changes in self-efficacy mediated between treatment con-
ditions and outcomes.
Incentives to promote interdental cleaning
Behavioral incentives are motivating rewards, including
anything provided by an external agent contingent on per-
formance of target health behaviors (e.g., free or subsidized
costs for specialized health services, awards, healthcare
benefits and recognitions) [25]. Incentives demonstrate to
people that they are viewed as worthy of being helped, and
work particularly well when targeting groups who need
extra support to remove some of the financial barriers
faced in trying to change health behaviors [11]. A system-
atic review found that financial incentives, in particular,
were 1.2 to 2.5 times more effective for promoting behav-
iors than no intervention or usual care [11]. The accept-
ability of such incentives, however, rests on the incentive
being fair to all recipients and members of the public and
is given as a voucher rather than as cash [12]. To conclude,
financial incentives are shown to have beneficial effects
on people’s behavior change. Moreover, considering tech-
niques to increase motivation in addition to providing in-
centives as part of a behavior change program is suggested
to provide most effective results [12, 13].
The aim of the current study
The current study investigates an educational oral health
promotion program to improve motivation and inter-
dental cleaning habits among periodontal disease outpa-
tients. The program consisted of two components: a
worksheet with self-management cues and free dental
treatment as an incentive. To evaluate the effectiveness
of the program in terms of changes in behavioral intention
and dental flossing, a passive control group was randomly
selected. It was expected that participants in the health
promotion intervention group compared to the control
group would attain higher scores in intention (Hypothesis
1) and behavior (Hypothesis 2) at the follow-up assess-
ment three weeks later. In addition, self-efficacy, as the
putative active ingredient, was expected to be higher at
follow-up in the health promotion group compared to the
control group (Hypothesis 3); and that self-efficacy and
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intention would serve as mediators between intervention
conditions and flossing at follow-up (Hypothesis 4).
Method
Participants and procedure
The study adopted an experimental 2 (condition) × 2
(time) research design with a three week follow-up. The
study received ethical approval by the hospital’s internal
review board. Study participants were recruited between
October and December, 2014 during regular outpatient
visits at the Dental College and Hospital, Shimla, Himachal
Pradesh, India. A blinded research associate (third author)
invited the outpatients to participate voluntarily in a study
on preventive oral hygiene. To participate, patients needed
to be 18 years of age or older and clinically diagnosed with
having periodontal disease. Informed consent was obtained
prior to participation, and anonymity was assured by the
use of an identification code. The research team had no
access to patients’ health records; however, the dentists
provided general information about their patient sample
without disclosing individual details. From this qualitative
information, it was observed that patients had a broad
range of diagnoses, from mild gingivitis to severe aggres-
sive periodontal disease, and about 10 % had oral cancer
without being aware of it. Many participants were illiterate
and reported having pain in the teeth or mouth. Some of
the participants reported engaging in self-treatment using
home crude remedies such as salt and lemon mixed with
masala (herbs) to heal the inflammation and minimize the
pain.
One hundred and eighteen participants were assessed
for eligibility of which two declined to participate. A total
of 116 patients were recruited and allocated to either an
intervention (n = 58) or a control condition (n = 58) by
cluster randomization. Participants were blinded about
the allocation throughout the study. Three patients from
the oral health promotion intervention group were lost at
baseline; thus, a total of 113 patients (67 % women; Mean
age = 27.05 years, SD = 12.75, ranging from 18 to 69 years)
participated in the study. Three weeks later, patients were
re-invited to complete the follow-up questionnaire. One
participant from the control group was lost at follow-up.
Final analyses, therefore, were based on 112 participants
(n = 55 health promotion intervention group; n = 57 control
group). See Fig. 1.
Intervention content
Only the intervention group received the intervention
package after baseline measurement. The intervention
consisted of two components: a brief psychological com-
ponent of self-management cues and an incentive-based
component. The self-management cues comprised strat-
egies targeting self-efficacy and self-regulatory skills (see
[26]) and consisted of a two-page leaflet that included
information about oral hygiene (i.e., what it is, why it is
done, how it is done, and the health consequences),
along with a goal setting exercise (planning when, where,
and how to floss) and instructions on how to practice
oral self-care. The purpose was to explore the feasibility
of a very brief intervention following an idea by Sniehotta
et al. [22] who conducted a one-minute intervention for
Fig. 1 Flow diagram outlining participant allocation into the dental flossing health promotion group or the control group
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changing oral self-care behavior. The incentive compo-
nent comprised a financial dental care assistance incentive
in the form of a free dental treatment including checkups,
dentures, removing of caries, fillings, and dental aids free
of charge during the study period. This was made available
from a scheme called Muskan Yojna, launched by the
Department of Public Health Dentistry with the purpose
of giving easy oral care access to patients below the
poverty line. Participants in the control group received no
intervention; neither free dental aids nor instructions on
what, why, and how to perform their oral self-care. They
were allocated to the study during their usual dentist visits
for which they cover the cost themselves, and responded
only to the questionnaires at the two assessment points.
Measures
Behavior
Dental flossing behavior was assessed at baseline (Time
1) and follow-up (Time 2). Participants were asked to
indicate the number of times they had flossed their teeth
in the previous week; “During the last week, I have
flossed my teeth _____ times per day”.
Intention
Intention was measured at Time 1 and Time 2 with the
stem item: ‘How often do you intend to floss your teeth
per day?”, followed by responses ranging from do not
intend to floss at all (0), intend to floss once per day (1),
intend to floss twice per day (2) to, intend to floss three
times per day (3)”.
Self-efficacy
Flossing self-efficacy was assessed with two items at
Time 1 (Spearman’s ρ = .88, Cronbach’s alpha = .87) and
Time 2 (Spearman’s ρ = .83, Cronbach’s alpha = .83). The
item stem “I am confident that I can floss my teeth this
week on a regular basis…” was followed by the items
“…even if it is time consuming” and “…even when it
takes a long time to become part of my daily routine”. Re-
sponses were scored on a four-point Likert scale ranging
from not at all true [1] to exactly true [4]. The two items
were averaged to form the flossing self-efficacy scale.
Analytical procedure
Using SPSS 23, independent-sample t-tests, χ2 test and
MANOVA were used for attrition analysis. Intervention
effects on changes in flossing as well as flossing inten-
tions are tested with the SPSS MIXED procedure using
linear 2-level models with time points nested in individ-
uals. Flossing as well as flossing intentions are level-1
dependent variables, whereas intervention conditions serve
as a between-subjects covariate (level-2), and time as a
within-subjects factor. The group by time interaction
(cross-level interaction) will be the main test of the primary
hypotheses. In a linear mixed-effects model, the responses
from participants (e.g., flossing rates) are thought to be the
sum of fixed and random effects. Random effects contrib-
ute only to the covariance structure of the data. The fixed
effects are of primary interest, but adjustment for the
covariance structure makes the results more accurate [27].
Moreover, univariate analyses of covariance (ANCOVA) are
computed with Time 2 flossing as well as flossing intentions
as dependent variables, intervention conditions and gender
as between-subjects factors, and baseline scores as well as
age as covariates. Based on a power of 0.80 (p = 0.05) and
an effect size of 0.12, a sample size of N = 112 was appro-
priate for this kind of analysis.
A sequential mediation model was conducted by means
of the SPSS Process macro Hayes [28]. Intervention condi-
tions were specified as the most distal antecedent, dental
self-efficacy served as the first mediator whereas the
behavioral intention served as the second mediator in a
row, which also constituted the most proximal predictor
of Time 2 dental flossing. This sequential model was
extended by inclusion of three covariates to control for
individual differences in baseline flossing, age, and gender.
Confidence intervals (95 %) were generated by boot-
strapping with 5,000 re-samples. Bootstrapping is a non-
parametric re-sampling procedure that allows generating
confidence intervals for statistical inference where nor-
mality assumptions about the sample distribution are not
required. It is recommended for mediation analyses, in-
cluding serial multiple mediation models [28]. The entire
analysis was then replicated by structural equation model-
ing using AMOS 21 with full information maximum
likelihood (FIML). The latter procedure provided the
standardized parameter estimates (betas).
Results
Preliminary analyses
Demographic details of the study participants along with
the means, standard deviations, and group comparison
statistics are summarized in Table 1. Correlations between
the study variables are summarized in Table 2. Age differ-
ences occurred (p < 0.01), with greater numbers of older
patients assigned to the health promotion intervention
group (M = 31.58, SD = 14.05) than to the control group
(M = 22.76, SD = 9.68). No gender differences between
groups were found (p > 0.05).
Intervention effects
Dental flossing
Two-level linear mixed models were computed with time
points nested in individuals, using flossing frequencies at
both time points as the level-1 dependent variable and
intervention conditions (groups) as well as gender as
level-2 covariates. The results revealed neither a main
effect of gender nor an interaction of gender and time.
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Therefore, we report the corresponding analyses without
the covariate gender (see Table 3). The intercept of 1.02
describes the ending status of the control group (flossing,
Time 2). The group estimate of 0.87 (p < 0.01) reflects
the difference to the treatment group which means that
1.02 + 0.87 = 1.89 is the Time 2 mean for the treatment
group. The time estimate of −0.02 reflects the initial status
of the control group (1.02−0.02 = 1.00 at Time 1). The
cross-level interaction estimate indicates that there was a
steep increase for the treatment group over time (0.76,
p < 0.01). The estimates of covariance parameters signify
no variance at Time 1 and a large variance at Time 2 (p =
0.01). Also, the variance component of 0.28 (p < 0.01) at
the person level (level 2) is significant.
Flossing intentions
The same type of 2-level linear mixed models were
computed for flossing intentions as dependent variable,
including gender as an additional level-2 covariate because
preliminary analyses revealed significant gender effects
(see Table 3). The intercept of 1.12 describes the end-
ing status of the control group (flossing intentions,
Time 2). The group estimate of 1.04 (p < 0.01) reflects
the difference to the treatment group which means that
1.12 + 1.04 = 2.16 is the Time 2 mean for the treatment
group. The time estimate of −0.38 reflects the initial status
of the control group (1.12−0.38 = 0.74 at Time 1). The
cross-level interaction estimate indicates that there was a
steeper increase for the treatment group over time (0.56,
p = 0.02). The gender estimate of 0.77 (p < 0.01) indicates
that men (coded 1) had a follow-up mean score of 1.89
(independent of intervention conditions). The group x
gender estimate of −0.93 (p < 0.01) signifies the difference
between intervention conditions for women as opposed to
men. The time x gender interaction, on the other hand,
was not significant. The covariance parameter estimates
signify substantial variance at both time points whereas
the person level (level 2) variance component is no longer
significant due to the inclusion of level-2 covariates.
Gender differences
ANCOVA results implied that women benefitted more
from the intervention than men resulting in higher levels
in flossing frequency and flossing intentions (see Fig. 2).
Using univariate analysis of covariance (ANCOVA) with
baseline (Time 1) flossing, age, and gender as covariates,
it was found that there were group differences for flossing
at follow-up (Time 2), F(1, 106) = 12.77, p = 0.001, η2 =
0.11. The intervention group obtained a higher level of
flossing frequency, M = 1.79, SE = .13, 95 % CI [1.53; 2.04]
than the control group, M = 1.11, SE = .13, 95 % CI [0.85;
1.37]. This finding confirms the Hypothesis 1. Group
means, adjusted for the covariates, are displayed in Fig. 2
(right panel). For flossing intentions, ANCOVA with the
same covariates also yielded group differences at follow-
up (Time 2), F(1, 106) = 3.94, p = 0.05, η2 = 0.04. The inter-
vention group obtained higher levels of flossing intentions,
M = 2.01, SE = .15, 95 % CI [1.71; 2.31] than the patients
in control group, M = 1.57, SE = .16, 95 % CI [1.26; 1.88]
confirming Hypothesis 2. Group means, adjusted for the
covariates, are displayed in Fig. 2 (left panel).
Table 1 Means and standard deviations (SD) of study variables and pairwise comparisons between the two groups at two






Variables Time points Means (SD) p eta2
Flossing Baseline 1.00 (0.80) 1.11 (0.74) 0.46 0.01
– Follow-up 1.02 (1.01) 1.89 (0.90) <0.001 0.18
Self-efficacy Baseline 2.03 (0.92) 1.64 (0.75) 0.02 0.05
– Follow-up 2.45 (0.95) 2.63 (0.99) 0.35 0.01
Intention Baseline 0.96 (0.94) 1.16 (0.66) 0.20 0.02
– Follow-up 1.33 (1.30) 2.09 (0.87) <0.001 0.11
Age – 22.81 (9.76) 31.58 (14.05) <0.001 0.12
Gender (Female/Male) – 42/16 34/21 0.26 0.01
Table 2 Pearson correlations of dental flossing, intention,
self-efficacy, age, and gender
Variables 2 3 4 5 6 7 8
1. Flossing T1 .21* .63** .37** .10 .14 .12 .25**
2. Self-efficacy T1 .17 .01 .26** −.06 −.08 −.03
3. Flossing Intention T1 .27** .06 .26** .07 .21**
4. Flossing T2 .34** .59** .21* .08
5. Self-efficacy T2 .50** .00 .08
6. Intention T2 .14 .15
7. Age .29**
8. Gender
T1 Time 1, T2 Time 2
*p < 0.05; **p < 0.01
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Testing the mechanisms: a sequential mediation chain
First, testing the model with manifest variable regressions
revealed that there remained a direct effect between con-
ditions and Time 2 flossing, p < 0.01, CI 95 % [.25, .90].
Also, the covariates age, p = 0.58, CI 95 % [−.01, .02] and
gender, p = 0.09, CI 95 % [−.65, .05] had no relationship to
the target variable. The sequential mediation chain via
two mediators yielded an indirect effect, p < 0.05, CI 95 %
[.01, .23] whereas the other pathways did not yield signifi-
cant indirect effects. Second, structural equation model
fit was χ2 (8 df ) = 14.4, p = 0.07, χ2/df = 1.8, CFI = .95,
RMSEA = 0.08 [.0, .15]. Figure 3 displays all standardized
full information maximum likelihood estimates based on
structural equation modeling with AMOS. Of the flossing
variance, 53 % were accounted for by baseline flossing
(ß = .47), intervention conditions (ß = .26), and intentions
Table 3 Estimates of linear mixed model over 20 days for flossing and flossing Intentions as a function of intervention (N =112)
Model parameters for flossing 95 % CI
Fixed effects (intercept, slopes) Estimate (SE) t p Lower Bound Upper Bound
Intercept 1.02 (0.13) 8.04 <0.01 0.08 1.27
Group 0.87 (0.18) 4.84 <0.01 0.52 1.23
Time −0.02 (0.13) −0.14 0.89 −0.27 0.24
Group x Time −0.76 (0.18) −4.15 <0.01 −1.13 −0.40
Estimates of covariance parameters for flossing Wald’s z
Repeated Measures Var1 0.04 (0.13) 0.28 0.78 0.00 38.06
Repeated measures Var2 0.35 (0.14) 2.56 0.01 0.17 0.76
Intercept + time (subjects) 0.28 (0.08) 3.71 <0.01 0.16 0.47
Model parameters for intentions 95 % CI
Fixed effects (intercept, slopes) Estimate (SE) t p Lower Bound Upper Bound
Intercept 1.12 (0.16) 7.09 <0.01 0.80 1.43
Group 1.04 (0.22) 4.70 <0.01 0.60 1.47
Time −0.38 (0.18) −2.19 0.03 −0.73 −0.04
Gender 0.77 (0.26) 2.98 0.003 0.26 1.28
Group x Time −0.56 (0.23) −2.44 0.02 −1.02 −0.11
Group x Gender −0.93 (0.28) −3.37 <0.01 −1.48 −0.38
Time x Gender 0.06 (0.25) 0.23 0.82 −0.43 0.54
Estimates of covariance parameters for intentions Wald’s z
Repeated Measures Var1 0.36 (0.17) 2.16 0.03 0.15 0.90
Repeated measures Var2 0.84 (0.20) 4.28 <0.01 0.53 1.33
Intercept + time (subjects) 0.14 (0.08) 1.68 0.09 0.04 0.44
All p values are two-tailed except in the case of variances, where one-tailed p-values are used (because variances are constrained to be non-negative). Time is
coded 0 = baseline, 1 = follow-up. Group is coded 0 for the control group and 1 for the treatment group
Fig. 2 Follow-up means of dental flossing intentions (left panel) and dental flossing frequency (right panel) adjusted for baseline levels and age
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(ß = .43). Group membership predicted changes in self-
efficacy (ß = .26), although there was no significant effect
on Time 2 self-efficacy, as found in the previous analyses.
Changes in self-efficacy predicted changes in intentions
(ß = .56). Control variables age and gender did not con-
tribute to the prediction. Three mediation pathways were
tested by bootstrapping: (a) the sequential mediation chain
via two mediators yielded an indirect effect, β = .10,
p < 0.05, CI 95 % [.01, .23]; (b) the simple mediation
path from group via self-efficacy to flossing was not
significant; and (c) the simple mediation from group via
intention to flossing was also not significant.
Discussion
Previous research has found motivational techniques
in combination with financial incentives lead to effective
behavior change [13]; however, further research is needed
to confirm such suggestions. Given periodontal disease is
a significant public health issue worldwide [1], the current
study sought to examine whether a brief health education
promotion program (worksheet with self-management
cues that were based on self-efficacy and self-regulatory
skills) in combination with an incentive (free dental treat-
ment) would make a difference in the adoption of regular
dental flossing in a population of Indian periodontal dis-
ease outpatients. Changes in motivation (defined as behav-
ioral intention) and flossing as outcomes were assessed
three weeks after baseline.
In the current study, the time x group interaction for
self-efficacy did not reach significance, disconfirming Hy-
pothesis 3. However, a significant interaction was found
for intention and flossing in which the intervention group
improved in terms of these two outcome variables,
confirming Hypothesis 1 and 2. Moreover, self-efficacy
and intention were specified in a path model as mediators
between intervention conditions and subsequent dental
flossing behaviours, confirming Hypothesis 4. The findings
revealed a sequential mediator model in which first changes
in self-efficacy and afterwards changes in intention medi-
ated between intervention conditions and behavioral
outcomes. In their Iranian sample, Gholami et al. [24]
identified a similar sequential mediation via intention and
self-efficacy on dental flossing. In their study, however, the
two mediators were placed in a different order, suggesting
first changes in intentions and afterwards changes in self-
efficacy mediated between intervention conditions and
behavioral outcomes. This difference in ordering may
be the result of the type of self-efficacy construct ex-
amined and its item wording used in different studies.
Self-efficacy as a stage-specific construct can be a pre-
dictor of intention in an earlier stage of health behavior
change (as in the current study), or it can be a most prox-
imal predictor of behavior at a later stage of change (as in
Gholami et al’s study). Nevertheless, the sequential medi-
ation chain identified in these studies highlight the fact
that both self-efficacy and intention play a significant role
in the mechanism that facilitates dental flossing. Results
indicate the mediating role of behavioral intention and
self-beliefs in predicting the desired health behavior (den-
tal flossing) in periodontal disease patients. Thus, the find-
ings illustrate that oral awareness promotes the formation
of behavioral intentions as well as stronger self-beliefs
(self-efficacy) for increased oral health behaviors which, in
turn, were associated with better oral health status in den-
tal patients as found in previous studies [3, 18]. Such find-
ings are in line with studies documenting that intention
and self-efficacy serve as proximal predictors of dental
flossing, and often as mediators (e.g., [21, 29, 30]). The
current study may contribute to develop interventions
facilitating dental self-care to improve oral health status
Fig. 3 Mediation chain predicting dental flossing by treatment via changes in self-efficacy and intentions, controlling for baseline flossing, gender,
and age. Full information maximum likelihood estimates, N = 112. Note: Baseline intercorrelations omitted for easier communication. Gender (1 =male,
0 = female), intervention conditions (1 = treatment, 0 = controls), * = p < 0.01
Lhakhang et al. BMC Oral Health  (2016) 16:6 Page 7 of 9
(see review [31]). Finally, although not an explicit research
question of the current study, a gender effect on flossing
intentions as well as a group x gender interaction was
observed in that females benefitted more than males
from the intervention. This finding is in line with
other research suggesting gender differences are evident
for health behaviors [16], including for oral hygiene care
behaviors [32, 33].
The current study suffers from some limitations. Assess-
ments were self-reported and dental flossing was mea-
sured retrospectively. One could use on-going behavioral
assessments such as dental calendars that individuals can
deposit in their bathrooms to tick every flossing incident
[8]. In addition, flossing intention was assessed by a single
item which limits assessing its reliability. Single item
measures, however, are in line with a large number of
health psychology studies (e.g., [34]). Furthermore, the
oral health promotion program consisted of a multi-
component approach involving self-management cues
with an incentive and, as such, cannot disentangle the
most active ingredient. Finally, periodontal disease pa-
tients need daily interdental cleaning for infection
control; thus, the short term follow-up period in the
current study needs to be extended to determine the
longer-term effects of the program.
Conclusion
Nevertheless, the current study’s brief oral health promo-
tion intervention yielded positive effects on dental flossing
intentions and behavior in a group already diagnosed with
periodontal disease. Moreover, the current study was able
to elucidate the mechanisms of changing dental flossing
behaviors in a group at risk for further oral disease issues.
The findings partly replicate similar studies [20, 24, 33]
and, thus, make a contribution to the cumulative know-
ledge about psychological components in dental hygiene
behavior change.
Abbreviations
ANCOVA: analysis of covariance; CFI: comparative fit index; CI: confidence
interval; MANOVA: multivariate analysis of variance; RMSEA: root mean square
error of approximation.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
PL planned and coordinated the study, participated in the statistical analyses,
and prepared a first draft, KH and JK substantially rewrote the paper, NS and
SS carried out the study, NK and RS conceived of the study, participated in
its design and statistical analyses and helped to draft the manuscript. All
authors read and approved the final manuscript.
Acknowledgements
Pempa Lhakhang was funded by the German Academic Exchange Service
(DAAD).
Author details
1Department of Psychology, Freie Universität Berlin, Berlin, Germany.
2Menzies Health Institute Queensland and School of Applied Psychology,
Griffith University, Brisbane, QLD, Australia. 3School of Psychology and
Speech Pathology, Curtin University, Perth, WA, Australia. 4Himachal Pradesh
Govt. Dental College & Hospital (IGMC), Shimla, India. 5Department of
Psychology, St. Bede’s College, Himachal Pradesh University, Shimla, India.
6Menzies Health Institute Queensland and School of Dentistry and Oral
Health, Griffith University, Gold Coast, QLD, Australia. 7Institute for Positive
Psychology and Education, Australian Catholic University, Sydney, Australia.
Received: 10 April 2015 Accepted: 19 January 2016
References
1. Petersen PE. The World Oral Health Report 2003: continuous improvement
of oral health in the 21st century - the approach of the WHO Global Oral
health Programme. Community Dent Oral Epidemiol. 2003;31 Suppl 1:3–24.
2. Petersen PE, Ogawa H. The global burden of periodontal disease: towards
integration with chronic disease prevention and control. Periodontol 2000.
2012. doi:10.1111/j.1600-0757.2011.00425.x.
3. Tonetti MS, Eickholz P, Loos BG, Papapanou P, Velden U, Armitage G, et al.
Principles in prevention of periodontal diseases: Consensus report of
group 1 of the 11th European Workshop on Periodontology on effective
prevention of periodontal and peri-implant diseases. J Clin Periodontol.
2015. doi:10.1111/jcpe.12368.
4. Sambunjak D, Nickerson JW, Poklepovic T, Johnson TM, Imai P, Tugwell P, et al.
Flossing for the management of periodontal diseases and dental caries in adults.
Cochrane Database Syst Rev. 2011. doi:10.1002/14651858.CD008829.pub2.
5. Poklepovic T, Worthington HV, Johnson TM, Sambunjak D, Imai P, Clarkson
JE, et al. Interdental brushing for the prevention and control of periodontal
diseases and dental caries in adults. Cochrane Database Syst Rev. 2013.
doi:10.1002/14651858.CD009857.pub2.
6. Schüz B, Sniehotta FF, Wiedemann A, Seemann R. Adherence to a daily
flossing regimen in university students: effects of planning when, where, how
and what to do in the face of barriers. J Clin Periodontol. 2006;33:612–9.
7. Kumar S, Panwar J, Vyas A, Sharma J, Goutham B, Duraiswamy P, et al.
Tooth cleaning frequency in relation to socio-demographic variables and
personal hygiene measures among school children of Udaipur district, India.
Int J Dent Hyg. 2011. doi:10.1111/j.1601-5037.2009.00404.x.
8. Schüz B, Sniehotta FF, Schwarzer R. Stage-specific effects of an self-monitoring
intervention on dental flossing. Health Educ Res. 2007;22:332–41.
9. Suresh R, Jones K, Newton JT, Asimakopoulou K. An exploratory study into
whether self-monitoring improves adherence to daily flossing among dental
patients. J Public Health Dent. 2012. doi:10.1111/j.1752-7325.2011.00274.x.
10. The child dental benefits schedule. In: The Department of Health, Australian
Government. 2014. http://www.health.gov.au/internet/main/publishing.nsf/
Content/childdental. Accessed 27 Jan 2016.
11. Giles EL, Robalino S, McColl E, Sniehotta FF, Adams J. The effectiveness of
financial incentives for health behaviour change: systematic review and
meta-analysis. PLoS One. 2014. doi:10.1371/journal.pone.0090347.
12. Giles EL, Sniehotta FF, McColl E, Adams J. Acceptability of financial
incentives and penalties for encouraging uptake of healthy behaviours:
focus groups. BMC Public Health. 2015. doi:10.1186/s12889-015-1409-y.
13. Cerasoli CP, Nicklin JM, Ford MT. Intrinsic motivation and extrinsic incentives
jointly predict performance: a 40-year meta-analysis. Psychol Bull. 2014.
doi:10.1037/a0035661.
14. Schwarzer R. Modeling health behavior change: how to predict and modify
the adoption and maintenance of health behaviors. Appl Psychol. 2008.
doi:10.1111/j.1464-0597.2007.00325.x.
15. Zhou G, Sun C, Knoll N, Hamilton K, Schwarzer R. Self-efficacy, planning,
and action control in an oral self-care intervention. Health Educ Res. 2015.
doi:10.1093/her/cyv032.
16. Hamilton K, Cox S, White KM. Testing a model of physical activity among
mothers and fathers of young children: integrating self-determined
motivation, planning, and theory of planned behavior. J Sport Exerc
Psychol. 2012;34:124–45.
17. Bandura A. Self-efficacy: the exercise of control. New York: W.H. Freeman; 1997.
18. Anagnostopoulos F, Buchanan H, Frousiounioti S, Niakas D, Potamianos G.
Self-efficacy and oral hygiene beliefs about toothbrushing in dental patients:
A model-guided study. Behav Med. 2011. doi:10.1080/08964289.2011.636770.
Lhakhang et al. BMC Oral Health  (2016) 16:6 Page 8 of 9
19. Buglar ME, White KM, Robinson NG. The role of self-efficacy in dental
patients’ brushing and flossing: testing an extended health belief model.
Patient Educ Couns. 2010. doi:10.1016/j.pec.2009.06.014.
20. Schwarzer R, Antoniuk A, Gholami M. A brief intervention changing oral
self‐care, self‐efficacy, and self‐monitoring. Br J Health Psychol. 2015.
doi:10.1111/bjhp.12091.
21. Schüz B, Wiedemann AU, Mallach N, Scholz U. Effects of a short behavioral
intervention for dental flossing: randomized-controlled trial on planning when,
where and how. J Clin Periodontol. 2009. doi:10.1111/j.1600-051X.2009.01406.x.
22. Sniehotta FF, Araujo Soares SU, Dombrowski V. Randomized controlled trial
of a one-minute intervention changing oral self-care behavior. J Dent Res.
2007;86:641–5.
23. Pakpour AH, Sniehotta FF. Perceived behavioral control and coping
planning predict dental brushing behavior among Iranian adolescents.
J Clin Periodontol. 2012. doi:10.1111/j.1600-051X.2011.01826.x.
24. Gholami M, Knoll N, Schwarzer R. A brief self-regulatory intervention
increases dental flossing in adolescent girls. Int J Behav Med. 2014.
doi:10.1007/s12529-014-9459-6.
25. Giuffrida A, Torgerson DJ. Should we pay the patient? Review of financial
incentives to enhance patient compliance. Br Med J. 1997;315(7110):703–7.
26. Michie S, Johnston M. Theories and techniques of behavior change:
developing a cumulative science of behaviour change. Health Psychol Rev.
2012. doi:10.1080/17437199.2012.654964.
27. Heck RH, Scott LT, Tabata LN. Multilevel and longitudinal modeling with
IBM SPSS. 2nd ed. New York: Routledge; 2014.
28. Hayes AF. PROCESS: A versatile computational tool for observed
variable mediation, moderation and conditional process modeling. 2012.
http://is.muni.cz/el/1423/podzim2014/PSY704/50497615/hayes_2012_
navod_process.pdf. Accessed 27 Jan 2016.
29. Millar MG. Predicting dental flossing behavior: The role of implicit
and explicit responses and beliefs. Basic Appl Soc Psych. 2011.
doi:10.1080/01973533.2010.539949.
30. Asimakopoulou K, Newton JT, Daly B, Kutzer Y, Ide M. The effects of providing
periodontal disease risk information on psychological outcomes–a randomized
controlled trial. J Clin Periodontol. 2015. doi:10.1111/jcpe.12377.
31. Newton JT, Asimakopoulou K. Managing oral hygiene as a risk factor for
periodontal disease: a systematic review of psychological approaches to
behaviour change for improved plaque control in periodontal
management. J Clin Periodontol. 2015. doi:10.1111/jcpe.12356.
32. Calderon SJ, Mallory C. A systematic review of oral health behavior research
in American adolescents. J Sch Nurs. 2014. doi:10.1177/1059840514544034.
33. Lhakhang P, Gholami M, Knoll N, Schwarzer R. Comparing an educational
with a self-regulatory intervention to adopt a dental flossing regimen.
Psychol Health Med. 2014. doi:10.1080/13548506.2014.951368.
34. Hamilton K, White KM, Cuddihy T. Using a single-item physical activity
measure to describe and validate parents’ physical activity patterns. Res Q
Exerc Sport. 2012;83:340–5.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Lhakhang et al. BMC Oral Health  (2016) 16:6 Page 9 of 9
